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: Pair coupling in p’f with application to OI 


By Karu Borge S. Eriksson 


With 1 figure in the text 


SUMMARY 


~ Formulae have been derived for the structure of pf in intermediate pair coupling, and are 
‘shown to give an accurate description of O II 2522p? nf. 


Introduction 


' The configurations O JI 2s?2p?nf with n=4 and n=5 were discovered by 
Bussell (1928) and Edlén (1934, 1935). The measurements, which are due to Fowler 
(1926) and Mihul (1928), admit of a complete interpretation for n=4 only. The 
levels occur in close pairs, which means that the influence of the exchange inte- 

_ grals G;,(2p, nf) and the spin-orbit integral C,, is small and may be neglected in 
a first approximation. Furthermore, as the terms of the configuration O III 
2 s?2 p?, 18, 1D, and 3P, are widely separated, the three groups of pairs built on 
these separate parents can be treated independently. 


Theoretiéal structure 


When the electrostatic integral F',(p, f) is responsible for an appreciable part 
of the term structure in p?f, it should be of interest to study a vector model, 
in which the azimuthal quantum number JL, of the core and / of the outer elec- 
tron are coupled to get a resultant L. The coefficients of /, may be taken from 
Racah’s (1942) LS-coupling formulae, while the relation F, =F? (p, f)/75 used by 
Condon and Shortley (1935) is being retained. Then the coupling of L to the 
spin of the core, S,., will form the pair quantum number K. The correspond- 
ing perturbation energy can be derived in analogy with the procedure used by 
Goudsmit and Humphreys (1928), giving the expression 


K(K+1)-D(L+1)—8,(8.+1) LL+1)+ £,(b.+ 1) UF). (1) 
2 2° (L+1) ; 

where ¢ is the splitting factor of the core term and thus for p?(?/’) is equal to 

half the spin-orbit integral ¢,. The results obtained for p?f appear in Table 1 

under the heading “ZS, coupling’. 


229 


| Ey +10F, (ee 


roam | a 


2 5 | By : es 
| 2° 4 Ey-15F, : i248 Vas 
2 /3 | Ho-llF, | = : 
2 oo er e = | 1 
s | ee eay = | 
Pi1l|2/)¢4|6 | @Qeuerpt = 7 
loi Fe | 4 | Bi+16F,+7¢ — Eytl+PP, | 
apie) & | erpte E,-C+8 FF, | 
2|F|3 | H+15F,-%C E,+C+PPF, | 
1 Gale the oP ast H,-¢-PF, 
01D). 10 Be oa e E,-2¢ 
2|F|2 | H,+15F,-26 E,+¢-3F, 
1|D|2 | #£,-12F,+3¢ E,-C+6F, 
21D ]1| #-12F,+¢ = 


All formulae in Table 1 marked = are valid for any value of the ratio F,/¢, 
but in the group belonging to (?P) each set of pairs with equal quantum number 
K should satisfy a common secular equation. When this equation is of the second 
order, as it is for K=4 and K=2, the known structures for F,>¢€ and F,=0 
determine the solution uniquely: 


Cs aeaeetan caet | a 


(@P)nf(2)=Hy+ $F, +[( ¥F.—30)+ gl}. 


On expanding these expressions for the case F,<¢ they reduce to those for J,l 
coupling. Finally one obtains the energies in J,/ coupling for the three pairs with 
K=38, belonging to (?P,), (3P,), and (3P,), respectively, from the rule that the 
centre of gravity of a group of pairs with the same J. should not depend on 
F,. The coefficients of the third-order secular equation for these pairs may then 
be derived from the vector-coupling expressions for the two extreme cases F,>¢ — 
and F<. 

However, the interval ratio in p?(3P) is not well reproduced by the single 
parameter ¢, mainly because the mutual magnetic interaction 7(p, p) has been 
neglected. Since configuration interaction and deviation from LS coupling may 
also influence the interval ratio, the magnetic integrals have been replaced by 
the following parameters representing the actual intervals, 


(?P2) — (?P1) =A, 


(°P,) — (Ps) = B. 
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are the roots of t he equation e—px=q, ere p and q are given by the expressions 


3p-4°+B’-AB+ (24-23) F,+589F, 
a wis > a - in ; 
; 21qg= —-2A*—2B°+3 A°B+3.4 B+ (18 4+ 6B? +1114 B) Fot 
ta Prue + (1862.4 + 282 B) F3 + 20774 Fi. 
By introducing the structure of p?(3P), referred to the centre of gravity, EZ), and 
expressed in A and B, viz:, : : 


4 ; (@P,)=E,+ A/3+ B/9, 
—_ (P,)=E,-24/3+ B/9, (4) 
ce: (@P,)-E,+ A/3—-8B/9, 


in the J,l/-coupling formulae we obtain the modified formulae for intermediate 
pair coupling given in Table 2. me 


a bs Observed structure in O II 2s?2p2nf 
3 


In Fig. 1 the structure of p?(?P)f in intermediate pair coupling has been plot- 
_ ted for O II as a function of F,. The parameters A and B, taken as constants, 
have been determined from the observed intervals in the parent term O III 

2522 p23P, as ts shown in Table 3. It appears that the empirical 4f levels, which 
are well established, fit the theory very accurately. The group of 5f levels as 
given in Atomic Energy Levels [Moore-Sitterly, 1949] has been partly revised 
with the aid of the theoretical relations shown in Fig. 1. The levels are collected 
in Table 4. Alternative values are given in some cases where the observational 
data are ambiguous. The accepted values for the electrostatic interaction inte- 
 grals, F,(2p,4f)=9.94 cem™* and F, (2p, 5f) =5.04 em‘, are proportional to n~* 
- within 0.5%. ; 
The observed 4/’ levels in O II have been fitted to the formulae for p? (1D) f 
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Fig. 1. O II 2s?2 2 (§P) nf, theoretical and observed relative energy levels. 


Table 3. O IIT 2822 p23P, observed structure and adopted parameter values (em~*). 


Observed interval Parameter 
3P,—3P,=193.0 Bowen (1955) A=193.0 
3P,—°P,=306.8 Edlén (1934) B=306.6 
3P, —§P,=113.4 Edlén (1934) B-A=113.6 


Table 4. O IL 2s?2p?(?P)5f, observed level values (cm~), 


L(K);, Level L(K),; ~~ Level L(K), Level 
; 

G (5)i1j2 265 925 F (4)o/2 265 999 D (3)z/2 265 638 

G (5)op2 930 F (4)z2 999 ? D (3)s/2 636 


G (4)o/2 761 F (3)z/2 991 (985)? D (2)s)2 TOT "(T6270 
G(4)z2 763 F (3)s/2 992 (988)? D (2)s;2 766 2? 

G4 (3)72 720 F (2)5)2 963 D (1)s;2 893 

G (3)s/2 718 F (2)sj2 960 D (A)ij2 893 


_-- 


ij 
“ Alternative levels, too low in case of an unperturbed configuration. | 
; 
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